Background: Prospective data are sparse for active commuting to work and body weight in Asia. We assessed the association of 5-year changes in commuting mode with body mass index (BMI) and the indicators of abdominal obesity in Japanese working adults. Methods: In this longitudinal study, we studied 29,758 participants (25,808 men and 3950 women) in Japan aged 30 to 64 years at baseline who underwent further health examination 5 years after the baseline examination. Changes in BMI were calculated from objectively measured body height and weight at baseline and follow-up examination. Visceral and subcutaneous fat areas and waist circumference measured by computed tomography scans were used as indicators for abdominal adiposity. Linear regression was applied to estimate the association of changes in commuting mode with the obesity outcomes.
Introduction
The prevalence of obesity has substantially increased worldwide over 30 years [1] , imposing tremendous disease burden [2] . Obesity is particularly prevalent among young to middle-aged adults [3] , suggesting that body weight management is critically important in this age group. For many adults, commuting to work is a routine part of daily life. However, car commuting, which is a physically inactive activity, has been the dominant mode of commuting in developed countries [4, 5] including Japan [6] . Moreover, the number of private car owners is growing rapidly in developing countries [7] , raising numerous health and environmental concerns [7, 8] . Changing from physically inactive commuting to more active commuting (e.g., walking, cycling, or public transportation use) has been considered as a promising strategy against issues of not only obesity control but also traffic, green gas emission, air pollution, and noise [9] [10] [11] , as also suggested by the World Health Organization [12, 13] .
Accumulating evidence suggest that active commuting may help body weight control, whereas prolonged car use may not. However, several points should be further considered. First, most data were derived from cross-sectional studies [14] [15] [16] [17] [18] , which are limited to infer causality. Second, although some investigated the prospective association of active commuting or car use with body mass index (BMI) [19] [20] [21] [22] [23] [24] or obesity [25] , two used the exposure measured only at one-time point (at baseline) [24, 25] . Additional data focusing on changes in commuting mode are warranted to establish solid evidence. Third, in five of the seven studies, BMI was estimated based on self-report [19, [21] [22] [23] [24] , which may not be accurate. Further investigations using objective measurement of BMI are needed to quantify the association between commuting and BMI more precisely. Fourth, these prospective data were obtained in Europe [19-21, 23, 25] or Australia [22, 24] , and no data are available in Asian countries, where the average BMI level is lower than that in Western countries [26] . Given that the mean BMI levels and prevalence of obesity have been increasing in Asia [26] , evidence to estimate the effects of active commuting to work on BMI is important in Asia to advance health policies for promoting active commuting. Lastly, no prospective data are available regarding the association between active commuting and visceral adiposity, which is a key component of obesity [27] .
Herein, we report the 5-year changes in commuting mode to work with simultaneous changes in objectively measured obesity indicators including BMI, waist circumference, and visceral and subcutaneous fat measured via computed tomography (CT) scans among adults with majority of men. We also investigated the commuting-BMI associations according to the leisure-time or occupational physical activity transitions, which may have an impact on the magnitude of BMI change.
Methods

Study settings
The J-ECOH Study is an ongoing collaborative study to elucidate the risk factors for non-communicable diseases among workers in Japan from more than 10 large-scale companies. We analysed longitudinal data of its subcohort (one major company) where data on primary commuting mode has been collected at the annual health checkup. This company is located in Hitachi city, Ibaraki prefecture, which is a suburban area of East Japan. The type of workplace is a mixture of office and factories. The details of the J-ECOH Study [28] and the present subcohort [29] have been described elsewhere. In Japan, the law requires workers to undergo at least one health examination annually. In this prospective analysis, we included participants who underwent health examinations from April 2006 through March 2011, and the earliest data obtained were considered as baseline (mostly in 2006). Health checkup data obtained 5 year after the baseline examination were collected from April 2011 to March 2016. Prior to the data collection, the conduct of the J-ECOH Study was announced in each participating companies using posters to explain the purpose and procedures of the study. Participants did not provide their verbal or written informed consent to join the study but were allowed to refuse their participation. This consent procedure conforms to the Japanese Ethical Guidelines for Epidemiological Research. The study protocol was approved by the Ethics Committee of the National Center for Global Health and Medicine, Japan.
Participants
A total of 38,329 participants (32,486 men and 5843 women) aged 30 to 64 years at baseline underwent a baseline health examination and a follow-up examination 5 years after baseline measurement. Of these, 478 participants who had a history of cancer or cardiovascular disease at baseline were excluded because these diseases may influence both commuting mode and BMI. Of the remaining 37,851 participants, we further excluded 7102 (18.6%) who did not have data on commuting mode (n = 4326), lifestyle habits (smoking, n = 4266; alcohol, n = 2783; sleep, n = 4272), and occupational factors (overtime work, n = 5511; occupational physical activity, n = 4444; shift work, n = 5225; job position, n = 5275) at baseline, leaving 30,749 workers. Some participants met two or more exclusion criteria. Three participants did not have data on body height at baseline, and it was imputed from the following health checkup data. Then, we additionally excluded 991 workers without data on commuting mode after 5-year follow-up, remaining 29,758 participants (25,808 men and 3950 women) aged 30 to 64 years (mean [SD]: 43.2 [8.2] years) for the main analysis. Of these, approximately 0.1 to 3.5% of them did not have 5-year follow-up data of covariates (smoking, n = 43; alcohol, n = 113; sleep, n = 195; leisure-time exercise, n = 279; occupational physical activity, n = 142; overtime work, n = 323; shift work, n = 162; job position, n = 1040); these missing data of covariates were imputed by using last observation carried forward method. Most of the missing data were replaced by 4-year follow-up data.
Exposure (primary commuting)
The primary commuting mode to work was selfreported at the annual health examination according to 4 response options of walking, bicycling, train or bus, and car or motorbike. We categorized the 4 types of commuting mode into two groups as (1) inactive commuting (i.e., car or motorbike) and (2) active commuting (i.e., walking or bicycling) or public transportation (train or bus) [20, 30, 31] . We combined active commuting and public transport use as one category because public transport use typically involves in walking [9, 32] . Then, we further reclassified the participants into 4 groups according to the baseline and follow-up commuting mode: (1) maintained inactive commuting, (2) switching from inactive commuting at baseline to active or public transportation mode at 5 years after the baseline examination, (3) switching from active or public transportation mode at baseline to inactive commuting at 5 years after the baseline examination, and (4) maintained active or public transportation mode.
For sensitivity analysis, commuting mode during 1 to 4 years after the baseline period was categorized into the following three categories: persistent inactive commuting, intermittent, and persistent active commuting or public transport use.
Outcome (obesity indicators)
The body height and weight were measured during annual health examinations, and the BMI of each participant was calculated using the formula kg/m 2 . For the main outcome, we obtained the 5-year changes in BMI by subtracting the baseline BMI from the BMI obtained 5 years after baseline.
Visceral and subcutaneous fat areas and waist circumference were measured in a subgroup of the present participants with additional measurements of these variables (n = 4322). Single slice imaging was performed at the umbilical level under fasting condition using a Redix Turbo CT scanner (Hitachi Medico, Tokyo, Japan) and visceral fat area, subcutaneous fat area, and waist circumference were estimated by the PC software application fatPointer (Hitachi Medico, Tokyo, Japan) as described elsewhere [33] . Changes from the baseline examination to 5-year follow-up were also calculated for these three obesity indicators as secondary outcomes.
Other variables
During examination, the lifestyle habits (smoking, alcohol use, sleep duration, and leisure-time exercise), workrelated factors (physical activity at work, overtime work hours, and shift work) and socioeconomic status (job position) of the participants were assessed using a questionnaire. Details of this questionnaire have been explained previously [29] . The metabolic markers for blood pressure, glucose, and lipids were measured following the procedures described elsewhere [34] .
Statistical analysis
We calculated the means (SD) and number (%) to illustrate baseline characteristics of the participants according to the 5-year changes in commuting mode.
Multivariable linear regression was used to quantify the association of 5-year changes in commuting mode with simultaneous BMI changes. We treated maintained inactive commuting mode as reference. First, we adjusted for baseline variables including age (year, continuous), sex, and BMI (kg/m 2 , continuous) as model 1. Then, we adjusted for all factors in model 2, namely, smoking transition (continued no smoking, started smoking, quit smoking, and continued smoking), baseline alcohol use (go [unit for Japanese sake; 1 go of Japanese sake contains about 23 g of ethanol, which approximates 2 units of alcohol] per day, continuous), 5year changes in alcohol use (go, continuous), baseline sleep duration (< 5 h, 5 to < 6 h, 6 to < 7 h, and ≥ 7 h per day), changes in the sleep duration (decrease, no change, or increase), baseline weekly exercise duration during leisure (min, continuous), 5-year changes in the exercise duration (min, continuous), occupational physical activity transition (continued sedentary work, started sedentary work, started physically active work [standing, walking, or physically active], continued physically active work), job position transition (continued low-rank position, promoted, demoted, and continued high-rank position), shift work transition (continued no shift work, started shift work, quit shift work, and continued shift work), and overtime work transition (continued low overtime work hours, increased overtime work hours, decreased overtime work hours, and continued high overtime work hours). The estimated changes in BMI according to commuting mode were calculated from these models. Subgroup analysis was performed for leisure-time exercise transition (persistently no exercise, quit exercise, started exercise, and persistently active) and occupational physical activity (persistently sedentary work, switched to active work, switched to sedentary work, and persistently active work) in model 2.
We performed the following analyses to confirm the robustness of the results of BMI. First, as about 20% of participants were excluded due to missing data, we performed a sensitivity analysis on the association between commuting and BMI using multiple imputation with chained equations (MICE) for missing data of exposures and covariates at baseline and follow-up. A total of 100 imputed data sets were generated. All analyses were performed on each imputed data set; the 100 estimates were combined into an overall estimate using the rules from Rubin. Second, we conducted an analysis considering the transitions in commuting mode during 1 to 4 years after the baseline. Lastly, we performed an analysis while treating public transport use as an independent category, separated from active commuting.
We repeated the main analysis for other obesity outcomes (visceral fat, subcutaneous fat, and waist circumference) where the baseline obesity outcome was adjusted for in each analysis (e.g., adjustment for baseline visceral fat areas if the outcome is visceral fat change). Two-sided pvalues of less than 0.05 was considered as statistically significant. All analyses were performed using Stata 14.2 (Stata Corp, College Station, Texas, USA).
Results
Compared with adults included in the main analysis (n = 29,758), those excluded due to missing data (n = 8093) had a higher proportion of women (13.3% vs. 22.5%) and walked less during commuting (< 20 min of walking to and from work, 53.5% vs. 72.6%). They were less likely to engage in long overtime work and sedentary work and be in high job position (Additional file 1: Table S1 ). Table 1 shows the characteristics of participants at baseline according to the 5-year changes in commuting mode. Adults who maintained inactive commuting tended to engage in physically active work and shift work compared with the other three groups. They were less likely to be in high position and work less overtime hours. Among adults who maintained inactive commuting and those who switched from inactive commuting, approximately 70% reported < 20 min of walking to and from work at baseline. Data on blood pressure, glycaemic levels and lipid status, which were available for about 80 to 90% of participants, were not substantially different across commuting mode. Baseline walking and cycling during leisure and transitions in leisure-time exercise and occupational physical activity were not largely different across changes in commuting mode (Additional file 1: Table S2 ).
The overall changes in BMI over 5 years were 0.12 kg/m 2 on average. BMI trajectories over 5 years according to transitions in commuting mode are illustrated in Additional file 1: Figure S1 . Table 2 shows the multivariable-adjusted BMI changes according to changes in commuting mode. The maintained inactive commuting group showed some weight gain over the 5-year study period (BMI increase of approximately 0.2 kg/m 2 ). Compared with participants who maintained inactive commuting, the participants who switched from active commuting or public transport use to inactive commuting showed higher weight gain. In contrast, the participants who switched from inactive commuting to active commuting or public transport use had lower weight gain. Adults who maintained active commuting or public transportation showed no material weight change. This relationship did not substantially change after adjustment for many potential confounders (model 2); the greatest weight gain was observed in switching to inactive commuting group (0.24 kg/m 2 , 95% CI: 0.20 to 0.27), whereas the least gain in maintained active commuting or public transportation group (0.01 kg/m 2 , 95% CI: − 0.01 to 0.04). A sensitivity analysis using MICE also showed the similar results (Additional file 1: Table S3 ).
When participants were further divided by commuting mode during 1 to 4 years after baseline, maintaining inactive commuting group tended to persistently use inactive commuting during 1 to 4 years after baseline period, and vice versa (Additional file 1: Table S4 ). The shape of the association between commuting mode and BMI were generally similar to the main results. Participants who engaged in active commuting or public transport use during 1 to 4 years after baseline tended to show less weight gain compared with other groups (Additional file 1: Table S4 ).
As illustrated in Table 3 , subgroup analysis showed a similar tendency in the association of commuting with BMI in subgroups of exercise transitions or occupational physical activity transition. When public transport use was treated as an independent category, the public transport use is beneficially associated with weight gain as with active commuting (Additional file 1: Table S5 ) even when divided by transitions in exercise or occupational physical activity (Additional file 1: Tables S6 to S7) .
The associations to visceral adiposity (waist circumference, visceral fat areas, and subcutaneous fat areas) among 4322 participants who received visceral adiposity CT scans (maintained inactive group, n = 2129; switching from active or public transportation commuting to inactive group, n = 328; switching from inactive to active or public transportation commuting group, n = 322; maintained active or public transportation commuting group, n = 1532) are shown in Table 4 . The relationships between commuting mode and the outcomes were less clear than those for BMI. However, maintained inactive commuting tended to show larger gain in these abdominal indicators compared with other commuting patterns (Table 4 ).
Discussion
In this 5-year observation of approximately 30,000 Japanese workers, maintaining inactive commuting mode was associated with weight gain; compared with this group, switching from active or public transportation commuting to inactive commuting were associated with larger weight gain, and vice versa. Further sensitivity analyses supported the main findings. To the best of our knowledge, this is the first study to estimate the impact of changes in commuting mode to work on body weight and visceral adiposity changes in Asia. The present analysis showed that adults who maintained inactive commuting gained weight over 5 years (0.19 kg/ m 2 ), and adults who switched from active or public transportation commuting at baseline to inactive commuting at follow-up had greater weight gain (0.24 kg/m 2 ) than those who maintained inactive commuting. By contrast, those who switched to and those who maintained active commuting or public transportation showed less weight gain than those who maintaining inactive commuting (0.10 kg/m 2 and 0.01 kg/m 2 , respectively). Prospective studies [19] [20] [21] 23] have also shown similar trends of changes in BMI according to changes in commuting mode, although categories of the changes in exposure is somewhat heterogeneous. Additionally, an Australian study reported that persistent active commuting was associated with a lower BMI [22] . A recent systematic review also showed that public transport use is associated with a lower BMI [35] . Collectively, these findings indicate that switching from inactive commuting mode to more physically active commuting and maintaining active commuting or public transport use over time may be beneficially associated with body weight among working adults.
In the present data, adults who switched to inactive commuting tended to show greater weight gain compared with other groups. A UK study also reported a similar finding [21] . The reason of the greater gain is unclear. However, in theory, reductions in energy expenditure may lead to difficulty in maintain energy balance [36] , resulting in weight gain [36] . As the related data are sparse, additional studies on this issue, as well as studies which can elucidate the underlying mechanisms are warranted.
The extent of BMI change in the present study was smaller than those in the comparable longitudinal studies [19] [20] [21] 23] . This is may be due to that average BMI level in the present study is lower than those in the previous Western studies [19] [20] [21] 23 ] (23.5 kg/m 2 vs. approximately 24 to 27 kg/m 2 ); the extent of weight change in Asians may be smaller than Caucasians. Another reason of smaller changes in BMI in the present study might be partly explained by the differences in the assessment of BMI. The present study used objectively measured body height and weight, whereas most of the previous studies used self-report [19, 21, 23] . Nonetheless, Asians tend to develop diabetes even with a small weight gain [37] and accumulating evidence suggest that obesity even without metabolic abnormality may increase risk of all-cause mortality and cardiovascular disease [38] . Although weight change associated with commuting mode was small, the present results would provide important viewpoint to prevent or delay the onset of non-communicable diseases in Asians. Besides obesity, promotion of active commuting and public transport use would help solve health-related problems including traffic-related air pollution and noise [11] . Given the limited available data, further large studies from Asia are needed to establish the solid evidence on commuting and BMI in Asia.
Our novel finding is that the beneficial association of active or public transportation commuting with BMI was observed across different transitions of leisure-time exercise and occupational physical activity, while both leisure-time exercise and occupational physical activity were inversely associated with BMI over time. Similarly with the present findings, observational studies have shown that exercise was associated with weight reduction [39] . Although prospective data are sparse, increase in occupational physical activity over time was inversely associated with BMI [20, 40] . Importantly, the present data showed that maintaining or switching to active commuting or public transport use are respectively associated with less weight gain even among those who did not engage in exercise and those who engaged in sedentary at work (Additional file 1: S6 and S7). Both active commuting and public transport use may be a good source of physical activity among adults who are inactive during leisure or at workplace.
In the present analysis for abdominal obesity (i.e., waist circumference, visceral fat areas, and subcutaneous fat areas) measured by CT scans, maintaining inactive commuting tended to show larger gain in these parameters than other commuting patterns. However, these changes did not reach significance and were somewhat different from those of BMI. The non-significant and less clear changes may be due to the small sample size with abdominal CT measurements in our data set when participants were divided according to commuting mode transition (especially for those who changed the commuting mode, n = 320 to 330). Nonetheless, recent randomised controlled trials showed that active commuting by cycling reduced body fat mass compared with no intervention [41, 42] . Although we are not aware of any observational study on the prospective association of active commuting to work with visceral adiposity, one cross-sectional study in the UK [30] reported that active commuters tended to show lower visceral adipose tissue mass compared with those commuting only by car. By contrast, another cross-sectional study in Thailand [43] reported an opposite finding and found higher odds of having central obesity in adults who were actively commuting; their finding may be ascribed to reverse causality. As available longitudinal data are still limited, further large-scale studies are needed to elucidate the association of active commuting and public transport use with abdominal obesity.
The present data showed that leisure-time exercise and occupational physical activity were not largely different across different transitions in commuting mode; only exception was that adults maintaining inactive commuting were less likely to engage in sedentary work. These results are somewhat different from recent findings from a cross-sectional study [44] showing that walking during commuting was positively associated with cycling during leisure and negatively associated with leisure-time physical activity among French adults. Although the causalrelationship among domain-specific physical activities is unclear, this kind of information would help detect high risk population of physical inactivity, which should be a target for physical activity intervention.
It would be important to discuss implication of the present findings for physical activity promotion. In Japan, Ministry of Land, Infrastructure, Transport and Tourism has engaged in policies on promoting active commuting including walking and cycling and switching from car commuting to public transport use [45] . In addition, Japan Sport Agency, which is under Ministry of Education, Culture, Sports, Science and Technology, recently launched a project for promoting walking during commuting or at workplace especially among working adults [46] . However, supporting evidence for these actions, especially for switching to public transport use, has been lacking in relation to health. Therefore, the present data would support high level policy makers and other stakeholders (e.g., local governments, transport agencies, health professionals) to advance such actions from the viewpoint of health promotion. As summarized by Sallis et al. [47] and declared by Japanese Association of Exercise Epidemiology [48] recently, providing scientific knowledge including the present findings to such stakeholders would be important to ensure evidencebased policy making in Japan.
The strengths of this study include its longitudinal design that provides more convincing evidence than crosssectional design. Further, this is the largest study on this topic to date, enabling us to detect an association with a greater statistical power. We used objectively measured BMI and visceral adiposity.
The limitations of this study also need to be clarified. First, we assessed the primary commuting mode via selfreports. Therefore, random misclassifications might have diluted the results. Second, the present questionnaire for commuting mode was not designed to estimate the precise volume or intensity of physical activity and sedentary behaviour during commuting, which may have an impact on body weight and composition [49] [50] [51] [52] . Although we are not aware of any Asian studies showing time spent in walking during commuting by commuting mode, our findings are similar to those from a recent UK study [53] reporting that approximately 20 to 30 min of walking per day accumulated during public transport. It is possible that public transport users with shorter time spent in walking and/or cycling to public transport access points may benefit less than those with longer time [30] . In addition, we found that, among participants who persistently used public transport as main commuting mode, longer time spent in walking to and from work was related to less weight gain (Additional file 1: Table S8 ). Third, unmeasured and/or residual confounders may have affected the results, although we adjusted for many covariates. Fourth, we do not have data on the reason for the changes in commuting mode. Some participants might have switched to active commuting to control body weight or health condition and such people may tend to adhere to multiple healthy lifestyles. However, baseline levels of BMI and other metabolic markers including blood pressures, glucose, and lipids were not substantially different across the various transitions of commuting mode and we adjusted for multiple lifestyle factors. Therefore, such possibility might be low. Fifth, approximately 20% of participants were excluded from the main analysis due to missing data, and some characteristics were slightly different between those included and excluded. However, our sensitivity analysis using MICE showed similar results with those from the primary analysis. Sixth, timing of switching in commuting mode would affect the results as the exposure period is different. However, we did not further examine this issue in detail as sample size is insufficient when participants were further divided by the timing of the change, although we roughly considered the transitions in commuting mode during 1 to 4 years after baseline in an additional analysis. Future studies using different definition of switching (e.g., participant reported car use in the first year, but switched to walking in the second year, then examine the change in the outcomes between the first and third year) are needed. Seventh, we examined the association of 5-year changes in exposure with simultaneous changes in outcomes. Another analytical approach including difference-indifference analysis with considering non-linear association [54, 55] would help understand the longitudinal relationship between commuting mode and health outcomes. Lastly, the data were obtained from workers in a large-scale company in Japan and the majority were men. Therefore, caution should be exercised when generalising the present findings to workers in small to medium-sized enterprises and women.
In conclusion, we found that switching from inactive commuting to active or public transportation commuting was associated with less BMI increase. Meanwhile, switching from active commuting or public transport use to inactive commuting was associated with higher increase in BMI among Japanese men and women. This relationship was mostly unchanged across different transitions of leisure-time exercise or occupational physical activity. The promotion of active commuting and/or public transportation use at the population level by various stakeholders, including policy makers, local government officials, and companies, would help to end the global obesity epidemic.
